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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

ADVANCE RESTRICTZD REPORT

" - AN INVESTIGATION OF AIRCRAFT HBATERS
XI -~ MEASURED AKND PEEDICTED PERFORMANCH OF A SLOTTHED-FIN
EXBAUST GAS AND AIR HEAT EXOHANGER

By L. M., K. Boolter, M. A. Millor,
¥, H, Sharp, and E. H, Morrin

'sutuArrt;

- " Thormel and pressuroe drop performance data of a
slotted-fin Stowart-Warner .exhgust gas and ventilating
alr heat oxchangor aro presontod, -Keasurcmonts woro mado,
using up to 7000 pounds per hour of cxzhaust gas and up to-
5000 pounds por haounr of ventilating air, Tho inlet
exhaust gas tomperaturo was maintained at about 14000 F;

whoroas that of the vontilating ailr was about 950 7,

Thrco different croaaflow air shrouds wecro used in
. thoso tcsts., The offoct of installing a M"ccntral core in
"tho exhaust gas.sido of thc hcator was dotcrmined, Iso-
thormal and non-isothermal static prossurc-drop measurc-
monts were made on both tho cxhaust gae and vontilating
.air sides of thc hoater, Isothermal pressurc drops across
the inlet and outloet ducts of thc alr shrouds wcre meas-
urod, Tomporatures of tho hcater surfacos at several
polnts woro alao rocordoed, . - .

ueasurod and predicted hoat tranafer ratos and prcs-

surc drops aro.gcpomparod., Tho maximum moasurod rato of

" heat transfer:was 216,000 Btu por. hour. The maximum
measured non—isoﬁhermal prosfuro. &rop on thoe vontllating
air sido, using a somi- or diagonal-crossflow air shroud
'wa8 16,5 inchos of wator; wheroas that using a full cross-
flow sHroud was .5.3 inchos of wator,. Tho maximum moasured
prossure drep on tHo oxhaust gas side ,0f ‘tho hoster was
9,8 inchos of wator before tho-central coro was installod
and 15,9 inches of water aftor the central corov was jin
place. The maximum hoator-surface tomperature was 1120° F.




INTRODUCTION - °

Tho Stewart-Warner heater was ‘tbstod on the largo
test stand in tho Mcchanical Engineering Laboratories .of.
tho Uriyeorelty of California,  (See fig, 1, and descrip—
tioz of test atand in reforeuco 1l,)

Theso hcaters are used in the oxhaust gas streams
of aircraft ongines- for cabin, wing, and tail-surfaca
hoating esystems,

The following date were obtaincd:

1, Woight rates of cxhaust gne and ventilating air
throu:h +he two aidcs of thc hoat ox cnanber

2. Eompuraturua of orhaust ges and Bf:vonﬁilqting
air at ontrancc and exit of hoat oxchangon

e Tcmppreturoa of the heator surfacos

4, $tetic pressure drop mcasurcmcnts on thc oxhaust
gas end ventileating alr sides .of tho hoster
-and .ducte, undcr boih ‘isothoruwal and noen-—
1sothorma1 flow conditions ..
5. Isothermal statig prossurc drov mcasuromonts
- .meross the iknlet and outlct alr-shroud ducte
Cee e alono o : S : :

1 v

Tho measuromonts wore mado wlth threc differont Yoo~ °

tilating air shrouds end also with &nd wlthout 2 "contral
coro" installod in thc oxhaust ges slde of thec heator,

- SYu3YLS

A  arca.of hoat treansfer, ftn;' ' ) |

' »

Ap :croas sectional crea of ono fia on tac vcntilating aLr'

sidc .0f -the ncvtor, ik

Ag cross~soctional aroa of ono £fih on’ the exheust gase
) side of thc hoator, ftB

Agpot-wold cross-soctionnl arca of spot welds, ft% (Soe
appendix,)



‘wolght ‘Pato pcr. unit 6f ‘aroa for ‘cxhavet gas,

unflnned base area on the ventilating alr side.of .
the heater, fta - '* )

unfinnod b&ﬂé arOa On the éxhafist: gns aido of the .
heater, ft :

il RFL A TR

boat capachsy of air at constyat,prossuzs, Btu/lb OF

hoat capacity of exhaust gas at coi;téﬁf-ﬁfbssure,
BRI 0¥ L

hydraulic diameter, ft

. o e doas oot P . K ] e Voot e .
hydratiic diarigter on véntilating alr “eide, ft

hy&fanile dfamater oﬁ:e#ﬁdgéﬁﬁgé; €¥aé,ff£l

unlt thermal convectiyve conduotanca (1verage vith .

1ength), Btu/hr £4° oF

" auit thermal cdénvoctive coqductanééﬂrbr-tho ventllat-

ing aif (averago with length), Btu/l’ir'ft'8 oF

'unit thonmal cOnvoctivo conductanco for tho ozhaust

. gan (averago with length), Btu/hr 12 op.

gravitational ‘forco por unit of mass, Ib/(lb soc /ft)

-

woight rato per unit of_aroa 1b/hr ft

"wolght raté Jpor unit of aroa for'venpilatlﬁé air,

1b/hr £t°

.' *

1b[hr 4 e = Lan

- - et . ar
-t

2thgrmal conduotivity of fiq-mgtﬂ@@ﬂlwﬁatg[hn.rt“(or/ft)

therazal eondqctivitz”dilIncgqnl-hqaﬁqmugholly
Btu/br £t2 (OF /£t) .

qdistanéo botwoen statié;pfbaaﬁre hoﬁsdring.éfafiona.

and longth. of heat . tranpsfer surfaco, ft -

., length of: fins on vontilating air side of heator T

"moasurod’ porpondiculariy tp the. hoater gholl, ft

lopgth, of. fine on..oxhaust gas gido..of hoator measurcd
" perpondilcularly’ to the. hoater .8holl,.. ft




'thicknoss of hoator sholl, ft

numbor of fing -on vontilating air side

sunber of fins on exhaust gas side '

“:heat tranafor porimotor of one fin on eithor gsido of

hoator, £

soasured rato of onthalpy chango of vontilatiqg elr,
Btu/hr ]

mcaaurhd'fatﬁof onthalpy chanro of ‘'oxhaust g8, Btu/hr

Rtopgl. total thormal. rosistanco tiludine that tarough

hegter shell. OF hr/Btu

arithmotic avonage of tomperaturcs gqasurdd by two
thormocouplas located on hoater ghcll noar.vontilat-
ing alr inlct (one Fncrmocouplﬂ at exhaust gns
inlect, the othor at éxhaust gos outlot), OF

.uritnmotic avaragc of tonporaturos rioasurod by two

théraoeouples. locatod on hoator sholl noar vontilat-
. ing air outlot (oxnc theruocouple- et oxhaust gas
inlet, the othor at oxhaust ras outlot), OF

arithmotic avorage .of tomporaturds'ubnsurcd by two

thormocouplcs locatéd on neater sholl cquidistant
from ends (onoc thormocouple on top, the other on
the botton), OF -

-

‘arithmotic averago mized-nmean absoluto tompoerature of

- T +T3
oihor flutd = =

Cin uquétlon (11) only;

othorwiso arithuettc averago mixod-meon absoluto

To, t T, o
tomporaturo of air-;=-———§——f— + 460, "2

._grithuutic averago a1ixed-moen abaolutc:tompcraturo

"Tey t Tgg .-
of oxhaust gas = ————3——4— + ‘460, OR
nixod-meoan abgoluto tcmpereturc of fluid at ontreonco
soction (point 1), OR

m{xed-moan.absbluto'touporaturo of fluld at exit
goction (point 2), °OR



’

‘_Tigo mixed—mean absolute temperature of fluid for 1aother-
mal pressure drop tests, OR-

- gy moan velocity of. fluid, ft/aec._ C e e e
U ovor-all anit thermal conductunce, Btu/hr £t° ox
UA ovor-all thormal-conduchance; Btufhr .OF,

«.. (UAdgotal- :Ovor-all ftherual cenductance including hoater
gholl conductangd, Btu/hy OF .. .

W.:. wolght .rato -of :f£luid, .1b/hr ~ - . .-
¥, wolght rato of eir, ib/hr
LP " weight rato of oxhaust gc.8, 15/h;:

Y1 wolzlut density of fluld nt ontranco to hoatlng sec-
tion (point 1), 1b/f£t? :

Ap non-isotiermal preossuro drop alonr heatar. 1'b/fta

AP

a DProssure drop nlong hoator on vontilating alr side,

1b/£t°

Ap', pressurae drop alons hoator on ventilating air sido,
inchos H,O0 . . : '

LP_ prossuroc drop along hoater on exhaust gas #ilde, 1b/ft®

&

AP'g prossuro drop along hcanr on oxhaust gas sido,
inches Hz0

APpyoq isdthornal preesure-drop.along inlet &nd outlot
ducts of tho air shroud, 1b/ft®

APgmp  1sothermal prossurec 4rop along hoater only, 1b/ft2

APT lsothernal prdasuro drop along Hoetor and ducts at

teo tenporature Tygoi 1b/ft
) a
« Ligo }sothornal friction factor ‘définod by - A—,YP- = giso% ‘12ng

At toapdrnturo difforonco, °F

Ot 1 logarithmic néan tampotature &1fforonce. oF

a2
v -




—ﬁugtéhfdiﬁference'betuqen-miqedfmegn,temperatures of. venti~

AT

g

¥u

Pr

Re

Ke

P

-Prandtl number

.Reynolds :number =

lating alr at-sectlans.defined by -points 1 and 2 =

o
T - T P
ag a1? ) ce L

differencoe betwean mize&-ﬁéﬁn-teﬁporatures of exhﬁust
" gae-at~sgctlions deflnesd by .points 1 and 2 =
Tgl - Tgan_ OF .

viscosity.of fluid, 1b sac/ft=

‘mized-mean tqmpera%ure 6f.ventilat1ng alr dt entrance

section (point 1), °F

mixed-maan tomperatﬁre of éanfiiating alr at oxit .
section (point 2), °F . . ) . .

mixsd~mean tomperaturv of exhrust gns:at entrance’
gection (point 1), °F

ﬁixod;meru tenpersture of oxhaust gas ot oxlt sec-
tion (point 2), °F

Nussolt ,nunber iﬁg

3600 p cpy g
g

)
3600 b g

G P .
3600 u g

Reyaolds number =

DESCRIPTION OF §TEWART-WARWER SLOTTED-FIN HEATER
_AND TESTING PROCEDURE . . ... ,

i H

Théustcwart-Warﬁeq1slottéa:fiﬁ, axhaﬁst“éée and ‘ven-

tilating eir heat excharnger 1s 'a crossflow-type heater.

* The slotted fins on.the inner or exhaust gnsg side .are
placed longitudinally; whereas those on the outcr or veén-
tilating 2ir side are plrnced cirgumferentianlly on tho
heater shell, There anre 52'rowe of fins on the air side
of the hecater =2nd 80 rows .on the exhaust .gas glde. XEach
row on the alr side 'is cut At 1/4-inch Intervals so that
there are 69 fins per rowe On the exhmust gas side each
row is slotted at 3/4-inch intervals, ylelding 19 fins
per row, The fins are constructed of 0,045-1nch copper



-and ‘are spot-wal&ad o e stainlesa htael shall. ‘The fins
.on- both sides :0f the heater dre 3/4 - inch in lpngth mens~

p urad_ perpandinulnrly to the 'shell.

The firﬁt gir shroud tasted with: the Stewart—Warner

.:;henter vas. a, dlagonal~"or semi-crosaflo#atypﬁ ehroud

.0btained. from the Ames Aeronauticel’ Laboratorya ‘Moffett
Fileld, 0alif. ° The inlet dudt contalned vanes which
-tended to direct:thea aiT over the ‘heatei® at right angles,
(see flgs. 2 amd:4:): Another air shroud (hereafter desig-
nated ag UC-2) was construocted with dimensions equivalent
to those -of the- -Ames.shiround, dut With full crossfldow char-
acteristies, : (8ee figs. 2 and 5;) "A third sir shroud

.- (hereafter-deaignated as Ucil)iias constructed with full

crosseflow characteristics, bdut with a smailer clsaranece

.betwesen the heatet. shell nnd'thh thbnd.

"In 6n&er to'force the exhaust gas between the longl-
tudinal slotted fins, &a central core was installed on the
gas glide of the heater. (Seae figs. 2 afd. 6 )

The weight rntes of exhaust gas and ventilating alr
were obtained by means of . dalibrnted square*edge orifices.

. The ezhaust gaa temperitures were measured at the
.inlet 2nd the outlet of .the hoater by means of shielded
traverning thermdceuples.

. A mixing device was used at tha exit of the natural
gas funnnoa to given an approximately uniform temperature
distribution at the .entrance to the heater. (The measured
tempeorature: distribution 1n degrees Fahrenhelt was within

: 23 percent of caompletbe uniformity at the inlet ond of the
heater.)

. - Mo mixing davice was. uséd downstreom from the heater
.on;: tho exhcust. gas slde. The measured temperature dlstri-
butlon in degrees Fahranhelt was thus within +3 percent of

. complete uniformity, which was reduced to ili percent when

the central core was 1installed because of the groeater mix-

- ing engountered when' the gas expanded into the outlet

sxhaugt ges duct. - (See-reference 1 for a description of
the teat stand and its instrumentation,)

e qu all shrouds, the sxhgust ges temperature traverses
wore made at- points 15. inches upstream and 24 inches down~
gtream from the ends of tkhe heater.



Tompezatufas of" the ventilatinsiair before and aftor
pasaage through- the heater were determined from travarses
made with unshielded thermocouples._ :Rung 22 to 51 warTe
made without a mixing.daevice'ld the gentilating alr out-
let dueks. -For thesa .runs, -the temparatqre distfibution
was within 49 pefdent_of complete- unifoqpity. For runs
52 to i22 o 3-1nch dﬁgmeter orifice was; installed in the
5-inch’ diepeter outlt p}. air.duct to caupe better mixing of
the fluid. through 1ﬁq gudden expanglion, downstroan from.tie
orifice.. -Tha" tampafatura dietribution thgs -0¥tainod .was
within +2 percont of completa uniformity. '

"

Fo: the amas uir shroud tampernturp travoraes of the
vantilating alr wera made et points 26 inghes.upstroan and
50 incheg,downﬁtrewm from the centor 11no of the howter..

Tho heat lcsses ta.the. surroundinga Wwero reduced to
8 nqgligible umount by mmapping the dupta wlth asbestos
shdets. ; .

~
]

Tegporatures of the. heater surfrecesg .wero noasured rt
glx pointa by Donne 6F thspmocdupled. One pair of thermo=-
couples .was loéated on the henter s8hall noar ths ventilnt-
ing air inlet side (omne tharmocaLple na“r,the exhaust gos
inlet, ths othar-tharmoqpupla near the sxhgust geb outlat)
Ths arithmetic average of thesc two temmérntures 1is desig
natod as t,. A second pair of thermocouples.vas: lscated
near treo ventilatinb aLr outlot side (ore tharﬂoeouRLu noar
the exhaust g=as inlot, tha othor near tho exha Vt g“
outlot).. The-dmiﬁ%n tic nvorage of thees, two: tehpe rrtures
ig designated B tb._,Taa third pair of tharmocouplos .
wes locnted on tha- hphtar sholl cquidistant from the ends
(ous thermocouplé 6n’tbp, the other on the brttor). The
erithmotic average of thesa tdo temparuturas ig designated
es t,. (Soo fig. 2 ) EPETRRLE L 3

T - ape
- w s

Static pressure dpap neasuruﬂahﬁs wgpe "qde acrossg
the ventllating alr’angd, ,exhaust- gns gidds of tho’ ‘haater, .
Two taps, 180° apart ware 1nstdllsd Rt ench proessure-.
neasuring station. For zll} shrouds ;' 455 prassure taps oa
the oxhaust gas sido werq ploced oz tha hemter shall s=bout
2% inches from thea ends 2F the haanta¥. Wor the Ames shroud,
the pressure taps on tha ventilatinz cir side wers placod
about 12 inchses upstream ond-downstream from the'centor.
line of the henter; whereas, for -thé UC-1 and UC-2 shrouds,
tho pressure taps o2 the ventilating nir sides were plrced
in a 5-inch duct 30 inches upstrean and downstream from
the ceater line of tho hacoter.




Isothermal pressure, drops.along- the- 1nlet’ and outlet
alr-shroud ducts  -were measured by detachlmg these ducts
from the shroud and placing them together to obtain the
total pressure drop across.the  two duocts. The air shrouds
UG-1 and UC~2 utilized the sameé inlet and outlet ducte.
When the inlet and outlet ducts.used .on. the Anes geni-
crogsflow shroud were placed :together, avery sharply )
curved .path. for' tHé ‘air was | fozmed .4nd ‘the neasureéd pres-
gure drop: for -the'’ ‘duc s placed in this manner wes 'ad largse
as.the measursd ieb%hbfmal value seross both the ducts
and the.heater when ' iHaed in the normal arrangement. A
truer value of the pressure drops through the ducts alone
was obtained by placing a "ppacerm.equivalent to the
wildth of the‘talr shréud betueen the.-inlet.and éutlet
ducts so that the.-‘ducts wére in .the same relativé posi-
tion for these tests and for those tests using both the
alr ahroud and the heater. The pressure drop-in thie
"gpacer™ was negligible (2 percent) compared with tHat
across the converglng and diverging, outlet and inlet atr
ducts. . . -

CALCULATIONS

Hent Transfer.'

. The thernanl output..of-the hsater was determined by
the enthalpy changes of the ventilating air;:

q, = Ww-mpa(Taa —-fé}) - (1)

in which’ c}a was eveluqted at the arithnetic average
ventlilating .air temperature as a good npproximation, A
plot-of " q, agalnet w, at constent “values of exhaust
gas rate Ve and inlet tenperaturq Togy ls shown--in
figures 7 to 12." . P C

Y RIS

0n the ‘exhhust gas #iﬁq of- the heaters
q.g = ‘wg clpg(-rg_l _Tga) Lo (2)

wheré“'cpg 1s evaluated for air at the temperature at

the arithmetlc average exhaust gas temperature.
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! LA
The over—all thernmal conductanes.: UA u&s awéluated

L] !J'

from the expression: .. R e ga - cpnEte s
Ty 1‘l1’ . .. . [ "-rI -': . 0 _'.\.‘j_ -~ ... “ .o L ] .' :-'.-_--
Lo e Al . . . “ 1 - - e s . . e o <
BEeT L mn TR -..-‘%a'-"wné".ttm-w-*": R (3)
prakt UL S [T Lo
o

The valie® o A fo: croaa flqn.ie chosdr 8- that fbr o
counterflou qn&*ihen nultiplie& by & corraction-fac;\;ora s "
(See referencs12n)’ Inasmuch a8’ this-corfectlon fadtor -
waos alway# wighia~1 percent o2 qriity, thé “Afy,,--uséd in
thesae calcul&tiens was taken to be tham fdr counterflow .

of tha fluidq. '!1' P U B .

.i- P L T
~ - . " o LI

A plot ef \UA As. & functfon oﬁ tha vantilﬁting nir e
rete Wq- ai+aqm$tant valyas' o? the*arh&ust g&s rata Hg R
1s shdéwn " in fdgnres 13 to0-18," lk I ) : (,_" .

L.t o 2 IR '

The thermnl output eftkehaaver may ba praéicted whan .
used at other*tslues of -Atq{y than thoisé used i these  .i:}
tests by deteﬂhining T B the corresponding fluld welght
rates froo- figuras 13.tb 18 And using these magnitudes in
equation; (3) %ith' the rew valuas of Atlp.

Predictions of the magnitudes of. tha over-all therral
conductance Ui were attenpted, The expressior (rofarcacs
3, eguation (28)) e

U = _ 1 CLoe (4)

(_}_\ g r.E N
cA/e \fc-‘\/e
/1N 1N :
- whers o and -are the affactive thernal -
\%. Tol/ o

&

reslstznces on the ailr and exhaust gns sides of tho heater,
respectively, was used.’ . . - -

[y
. 1

1

1 - . v

The effective thermal éondﬁdtéﬁoes.- (fcn) angd

(fed)g,.» -2re obtalnod from equationa (ses reference 3
for the derivation of equations (5) tec (8)). -

= -f k t - h ca-®7 f.': .
Z(fc5>ea = naL fe, P k 4g tanh I, e e, Auy, (5) .
a AR

N
v

and

[



S 11

BEOim~

(f A) ~=11“,"~ﬁf P E 4L tadd I,
) & n=%1) 9%7 . g ol b'ﬁ.’k

where

. . . “
L AP

A cross-sectional’ area of ona fin

‘thermal conductivity of.fin matefial bééiuéﬁed at an
average temperature

.P heet transfer bééiﬁefer'o} ond‘fin -’

L. lepgth:of one. fin measured” perpeﬂdidularly to heater

-ahell -~ .- . I B
na-totql number of fins on air -side of heater ' '
ng total nunber of fins on exhaust gas, sida

fc_unit thernal conductanee along fina and nlong unfinned
.area .A,y of heater

For the exhaust Zas side fo is evalunted from the
aquntion - C e

y:-;: L._fcg_= ?.?6 x'}074 Tg???95:§§; " 7
whors * i7" s ]
mg erithrietlc average absolute temparature
G exhaust gos welight rate per uﬁit cross~sectional area

& . ’ [
hydraulic dianeter of apaca (channel)' between rows of
fina on.exhnust &28 alde - AR '

De -

.. 3Because ‘the! slots on’ the: efhpdat gaa side. were narrow,
their effert on the fluld f1ow anE‘unit ‘thermal conductance
was: npglected and f .Was caleuluted by neans of equation

(7Y, which 1s based’ upon Iicw 1n pipes and channels where
the characteriatic aimension 1s the hydxaulic dianeter._

On the air Bidé tha circumforantial fins were slotted
at 1/4-inch intervgls. ‘The Reynolds-nunbér msing the
perineéter P of the fin mg tha significant dimension

Rep = & P varies from 10,000 to 25,000, so that the
3600 u g .
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boundary laysr-over each fin may be laminar* for a con-
glderadble length gXong: the fipi :iThe tba for the Jdarinar

regine is then evaluested from equatfon (6) of reference 5:

5
2o, = Q.lla.To_'5<umLY - - (8)
- C . t L
but since 3600"ug ¥ £ 6 Y . .. .. '
- 0,8
fo: = 1,87 x 1073 1°°° (9-) (9)

For this heater, 'L 1s:1/4 inch on thz ventilating air
gide. The magnitude of the unit thermal conductance feo
along the unfinned bese areas between the rows of fins
is probably not-the sané as that .along the fins,

If the 'fo, ~nlong tho unfinned base areas 1s calcu~
lated on the basis of the hydraulic diamotor of the chan-
nel between tha rows of flne, 1lts value 1s found to be
about one-half that of f.; calculated for laplnar flow
over the flns. The hesat tr‘nsfer nlong this unfinned
area 1s thus about 10 percent of the total when the £,
besed on ' hydrnulic diameter is used and is about 17 per-
cent of the total when 'the fo, based on laninar flow over
the fins is used. The heat transfer from the unfinned

area therefore nesd not be accurately known. The actual
value Qf fg, is probedly between the two nentioned,

Pressure JDrop

‘-Measurements 3f the stntlc pressure drops across the
alr and exheust gas sldes of the heat were nade for lao-
thermal AP._[.i-o and non-isothermal eonditions AP, .also,

8

- pressure drops were determlined for the ailr inlct nnd out-
lot ducte alore under. isothermal conditions., The measured
pressure drops on the exhaust gas side did not ineclude the
lvsses in the ducting; so APTiso = APyqpp wkere' APynmp

is the pressure drop along the heater alone.

*The results of -R. H. Korris and W. A. Bpofford (refererce
4) "indicate that the boundary:layer over groups of flat
platos and oylindrical fing'1is laminar for ReP<: 20,000,

Equations (8) and (9) are equivalent to equation (1) of
referenge 4. :

" - .
.



13

‘rdr;thﬂexhﬁuuv-gga'émﬂe-ﬁue'efpreéaiﬁn
L ieo D 35

. = . .
LY [y L}

was ueed to determina the dimensionless modulue._

o .Qiqo”ﬁ ___<_m)

ar L V. L AR ;
\ AP '
\Fiso %/ =2.g th"gg%f..u (10)
. F Bg .
\3600/

For the vontilating air side,

AP = AP, - APnyr ..
. HTR Tiso DUCT. .
thus
¢ 5,5 2 & Y-*—————— (1oe)
[ ( iso D / ! . G'a_ \3
3600/

The pressurc drops through the ducts oa the air alde

. ) o\
for: the,three alr shrouds and the mhdulus’ (Ciso 51/ fTor

"the exhnust gas apd nir sides of the héater are tabulated
"in tables VII nnd UVIII. .

The non-isothermal breseure drop of either fluid
through the heat exchanger was predicted from isothernal
neasurements by means of eguation (6) of‘raference 1.

&£

’ ' -0 T‘. 1.,.1.3 G "\ . l P . )
"AP = APqp ’ ( L T+ ( h 23 * %) (11)
iso Tigo / - 3600/ Y g S

e mmams smlres F AT N

APTi total neasured isothermal preeeure drop due to’
8 frictiod 'at temperature "my i - -
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7, ahd ‘T,” ‘nixed-nean abaoluie temberiturds’ef fliid
~ at inlet and exit of "heater, respectively

T, arithnetic averdga of . T, - and i
G fluid flow per unit cross-sectional arca “

Y1 unit welght of.fluld at inlet to ‘heator evaluatod at
' temperatura T

A conprrison of ueasured and prodicted noan-isothernal
pressure drops thriugh both sldes »f the heater is pre-
sentod in tesbles IX and X and 1s shown grephlcally in fig-
ures 19 to 23,

Yeat transfer-and pressure drop data far the Stewart-
Warner heater are presented in tnbles I and II for the
tests using the Ames air shriud, in tebles III and IV for
. those using the UC-1 air shroud, and in tables V end VI
+ for thoseo using tHs UC~2 air shroud.

DISCUSSION OF RESULTS ON THZ STEWART-WARNER HEADIR™*

. The enthalpy change of 'tha ventilating air was used
to- dpternine the thern=l output- of the heater, f:r these
neasurenents wero noro accurate than those on the exhaust
ges side of the heater. Thoe arithmetic evorage heat bal-
anco' rotio qu/qa. 9f all the tosts was 0.78. It can be
shown that o l-porcont errcr in thoe detorcination of
eithor exhaust gas tenper-ture Tg # 14007 P nmny cause n
20-percent orror 1n the tenperature change 2f the exhaust
gas. Thé low aent balance ratics’ cdbt~lined in thesc tests
ray be due to thls error 1n neasursment; they nlsos may be
due to incomplete e2nbusticn of the sxhnust goses.

Three alr shrouds wara used 1in these tosts. ’
"1, Semi~ ‘or dingohal-crossflow shroud (designatad

as Ames alr shroud). - Clearance between heater
shell and air shroud 1s 1l4% inches.

*See nlso report by R. A. Kepner and A. R, Collins (refor-
ence 6) on results of tosts porformed on similar heaters
in the Heater Laborntory of thaea Stawert-Warner Co., Ckicago.




- . 15

2. Full croesflow shroud (designated as UC=2 alr
shroud). . Glaarance between heator .gsheéll and
air shroud {s 113 inches (same as ‘Anes alr
‘shfqud)’

- B Full croaeflow shroud (deslignated as UC~l air
’ shroud).’ GClearance between haater shell and
air shroua is. 1 inch.; . Lot

" Thus a oompariaon of thse. resulte obtained when uaing
the Amés semi-crossflow and the UC~2 full crosaflow air
shrouds will reveal the effect, on the heat transfer rato
and the pressure drop,.of. the direction or manner in which
the vantilahing air ds conducted acress the heafter, since
all physical dimensions were identical for these two air
shrouds. A comparisgn of the results obtained when using
the a;r shrouds UC-1l and UC-2 will reveal the effect, on
theé. pressure drop and the rate of heat transfer, of de~
croaslng ‘the cross~sectional arca on ‘the ventilating air
aide of the heator. . i -

During the proliminary telts of tha hoater, 1t V. 3
discovered that the rate of heat transfer wae lnappro-
clably affected by an increase of the exhaust gas rate
L from 6000 to 7500 pounds per hour. (See figure 7,)

This was an lndlcetlon that the exhaust gasos were passing
through tho center of the heatar and not through the chan-
nels between the rows of. fins, In order to ameliornate
this effect, a central core was installad‘in the exhaust
gas side of tha heater which forced the gasos to flow
through the channelsg betwacn the - -rows of fins.- The mseas~
. ured rates of heat transfer were thus lncreascd aid varied
eppreciably when the sxhaust -gans welght rate - W, - was in-
creased from 6100 to 7100 pounds - per hour. (See fig.- 8.)

" AT comparison of figures 13. 15, and 1% roveals that,
for the heater without tho central core in the exhaust
. gas slde, tha. over-all thermal .conductance UA at W, =
4000 pounds per hour and W, = 6900 pounds per hour wes
about.137 Btu/hr °F using "¢Be Ames ailr shroud,. 142. Btu/hr Op
using the UC-1l air shroud, and 128 Btu/hr °F using the UC-2
alr shroud,. .

..8ince thse cross-sactional areas-and other ‘dimensions
.were the scme for the Ames semi-crossflow shroud and the-
UC-2 full-crossflow shroud, the increase of 9 Btu/hr °F.
when using the Ames shroud must have been due to tho
'graaper alr turbulence..qince the alr probadly flowad
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diagonslly acrodg:the rows of slotte& £fing dnd ndt
directly between tha fins AB wlth the EG—Q -shroud.

: The increass of 14 Btu/hr °F when uafng the UC-1
ghroud over the result obtalned when using the UC-2
shroud wes due to.the dscreaseéd - cross- ~gac'tional area of
the former ‘(l-1in. c%earance betwean heatder shell and
shroud as. against l———in.-clearance). s4ince all other
dimeneslons and physical charactaristics ware identical
for the ‘two UC air shroud‘.'

The gra&ter over~all thermal conductance obtainad
in the runs- using the UG-l air shroud ‘as compared to
the runsg usling the Ames air ghroud was dus to the
.decreased cross-sectional area of tho former, B factor
which outwelghed the turbulence- forming characteristica
of the diagonal- or ‘seml-crossflow Ames- shroud, Thisg °
greator heat transfer rate when using the smaller, but
full-croesgflow, UC-1l shroud was obtainad with a much
smaller static pressure drop.

The. measured isothermal prassure drop along the air
sido of the heatar (inlst and outlet air-duct lossss sitb-
tracted) at an alr rate of 3000 pounds -per hour was 12.4
pounds psr-square foot (2.40 in. of water)using the Ames
semi-crossflow shroud, 5.45 pounds pér square.foot (1.05
in. of .water) for.tho UC-2 shroud, and 8.45 pounds per
"square foot (1 63 in. of water) for .tke UC-1l .air shroud.

. Thus more than double tha pressure drop i1s encoun-
tersd whon the .ventllating air is not caussd to flow
“direcctly along the space betwoen ths fins, but.is allowed
tq flow somewhat diagonally across ths rows of fins (ef.
pressure drops using Ames and UC-2 alr shrouds (figs. 19
‘and 21 ).

" phe prdssu:e dr&p was decroased to about 70 parcent
of thé measurad .value for tho Ares shroud by uwsing tho
UC-1 shroud, which was fully crossflow but had an even
smaller cross-sectional area. . (see figs..lg and '20.)

It can be eald, therafore, that the incraase of the
thermal conductancoe duc t9 the greater turbulonce along
tho. slotted. fins whon using the diagonal crossflow shroud
is moro than counterbalanced when using tho full cross-
flow shroud by decroasing tho plr side clearance from lfz
inches to 1 inch. The isothermal and non-isothermal pros-
surc drops for tho latter clesarmnce nre only about 70 por-~
cent of the velue for tho dlagonal crossflow shroud.
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This large inoreased pressure drop for the semi-
cerr8sflow ghroud woiuld not ‘be found when this shroud 1s

.used on, pther types of hoaters, such as pin-fin heaters;

although &t would be experienced when 1t 1s ussd on all
heat oxchangers with circumferential;, continuous >r somi-
continuous (slotted) fins. Because ths air 1s deflected
to flow ovor the heater, the pressure drop lan the inlet

.and outlet ducts. is adout 40 percent of tho tatal preg-

sure drop with the heator lnstalled., Thls pressure drop
through the ducts »f the Ames shroud wes .as much as the
t2tal proessure drop along the ducts and-across-the heator
when the UC-2 shroud was used, - The preasura draop throqgh

. the 1nlet and outlet ductes was,with the heater installed,

about 20 percant of the total drop using the UC-2 shroud
and ahout 14 percent using the UGC~-1l ehroud.

When the central core (diam. 2% in.) was placed-in

..the exheauet -gas silde of the heater, the nat cross-sectlonal

aroo was decroased by 15 percent. Thus the over-all therw
nal conductance. with the central asre 1astslled (soe figs.
14, 16, and 18), for Wp = 4000 pounds per hour and W, =
6900 pounds por hour was about 153 Btu/hr 9F for thea. runs
with tho semi-crossflow shroud, 157 Btu/hr °F ueing the
UC-1 shroud, and 140 Btu/hr °F using the UC-2 shroud.
Those results rre about 9 to 12 percent higher than those
abtalned without the central core installed._owing to the

incroased value cf G = af-a in the space between the fins
. 6

on thu oxhaust gns'.,slde 2f the heater. 'This result was
brought about bsth by decreasing.the not criss-sectiosnal
aron of flow and by forcing the gas to flow through the
spacoes between the fins ruther than ﬁhraugh the opan con-
tral space.

The increase in UA due only to the decrease 1n the
net cross'sectiodel area (increased @) was calculated
to be 5 t> 6 percent; thus the remainder of the 9 to 12
percent lncrbass in TA- reported gbove must have baen due
to forecing the exhpust gasea to flow through the spaces
between the ‘fins.

The inerease in "UA by use of tha central core
would have been much greater at higher .exhaust .gas rates

"(say 7500 1b/hr) than. tho_incroase reported above for

wg = 6900 pounds per hour. An inspection 3f figure 13
reveals “that when the-central core was not 'used UA -did

-n2t chenge appreciably when ' W, was liucreased fron 6000

&
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td 7500 pounds per hour, but the use of the central core
partially remedled this cpndition. . (Sae. fig. 14.%).

mhe use gf the cantral core doubled tha static pres—
sure drop . on the’ exhaust gas side of ths heaterp -At an
¢xhaust gas. rate of 6000 paunds per. hour, the isothermal
pressure drop Ancreasad from abﬁut 10: pounds per.squars ,
foot (1.92 in. of water) to about .20 pounds. Per square .
foot (3. 84. in. .of water) . The increase. in t;e 1sotharmal
prassure drop due meraly to thse ‘decressad. net .cross-
sectional’ eroea (1ncreased G) would have been only about .
40. percent or 4 pounds per square foot (.0.77 .in..of water).
Thus. the remainder .0f the 10 pounds per souare -fo0t pros-
.8ure ‘drop- increasa resulting from use of. the central core
was due to the incroasead Flow in the channela or spaces:
between the rows of slokted fins., The, maasurod and pre-.
dicted non~isothermal preessure drops wers also about twice
as large when the central core was used.  (Cf.figs. 22 and
23., ) . .

. The arithmetic avorage of all the slopes of the AF
against W . curves {figs. 19~ td 23y 18 1,78, This value
of the expanent iz to be sxpected, for the isotherual _
frictlonal pressura drop 1is proportional to ;is, Ha " and
becaunse . Lyg04° the isothermal friction fuctor. is prOer-
tfonal £5. W82 ({j.4 @ Re7°*%) for the ‘turbulent regime,
thus ths statdc pressura drsp AP is propartional to y2e+0—0.2
or W'+f0, However, the pressure drop on the ailr side of
the heater using the seml- erossflow shroud 1w due not ‘en-
tirely t»o fricticn but partly to eddy ang wake-formation
loases. . . .

An insgection of the pressura drop plsts revonls
that, for the air side of tho heatar, tho slopo of the. .
non-isothermal pressure drop curve is less than that of
the isothermal curve.. It cen be shown that, for the
ventillating-air sido the slops of the non~igothermal.
curve must be -less than the 1sothermal ons, because the
former is a.higher value (ths temparaturs of .the air 1is
higher) and must coincide with the isothermal valua at

*The effsct .due to9 the uss of- the esntral core 18 not
sh>wn as clearly dPy the results from tests using the UC-1
and U0-2 alr shraouds; since the highost values o5f exhaust
gas rate, whore the effect would have been most notlceable
wore not attainabls, owing to the additional resistance )
caused by the pressence of the core,
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an infinite alr rate, for vhich conditior the temperature
rise of the air would be zero (Tiso = Ty, = Ta,, 1.e.,

isothermal). (See fige. 19, 20, and 21.)

For the exhaust gas side, the non~igothermal curve
becaunse the exhaust gas is cooled., The last term 1in
equation (11) is negative for the case of a fluid being
cooled and 1s less negetive at high fluid rates, for the
change in fluid temperature 1s then lesa. Also the first
term on the right side of equation (11) is elightly
higher for high fluid rates, since the T, 1s greater
(fluid does not cool as much at high fluid rates for the
same heat transfer rate as at low fluld rates). Thus the
combination of a2 term which incremgss with fluild rate
and another term which becomed less napative At high
fluid rates ylelds a sum which increases with the fluld
rate, and therefore the slore of the non-isothermal vpres-
sure drcv curve would be greater than that of the lso-
thermal curve. (See figs. 22 and 23.)

N\
The calculated values of ( {;., % ) do not indicate any
apeclifice correlation of the results o{;ained with the dif-

ferent ailr shrouds and on both sldes of tha heater. (see
tables VII and VIII.) .

On the exhaust gas side, the valus of giso could be

predicted within 8 to 30 percent by means of thes frictilon
factor agalnat Rasynolds number relation for commercial
pipes, evaluating =Re “or the channel or avace between the
fins. (See refesrence 3, fig. 7.)

It 18 very difficult to predict the magnltude of
!iso for the flov elong the narrow fins on the ventilat-

ing sir side of the heater,

The agreement between the measured and predicted non-
lgothermal pressure drops along the exhaust ges side of
the heater ls very good. The corresmonding agreement for
the alr side 1s not so good since the mressure drop over
the narrow fins on the air side 1a due, to a great extent,
to causes other than friction (i.e., eddy and wake~forma-
tion 1osaqe) egpoeclially for the Ames semi-crossflow sliroud.
The value of APTi vhich is to be substituted in equa-

8o
tion (11) to obtain the predicted frictional non~isothermal

pressure drop should bes that dum to friction alone.




The average heater surface temperature on the side
of the heater whers the ventllating nir entered was 2about
7500 F; whereas that near the ventilatlng alr outlet was
ebout 1000° P. The temparature of the heater—shell sur-
face ot a point intermedinte between the entrance and
exlt alr openlngs was lower 1n most runs than that at the
alr eantrance sr exit, Thie result ls qusstionable, for
the lowest temperature should be found near the point
where the cool air impinges on the hoater (i.e., noear tha
ventileting air inlet)., The thormocouple lead-in wires
ware conducted through the ventllating air stream and
although they werc thermally 1nsulated some erfor in the
temperaturc measuramnont was to be sxpected bscausse of
the "cooling effect" of the alr on the lend~in wires.

The predlicted nognltudee of UA were cbout 80 per-
cent obove those derived from laboratory measurerents,
Thias discrepancy was probadly due to the following twon
TeABONS:

1. The value °2f the welght rate por unilt nreca G of
either fluld calculated from ths total weight rnte onsd
tho net cross-sectional arsen probtably did not obtain in
the restricted channels between the rows >f fins, The
actunl fluld valoclties nlong tho fins «<r chnnnels warsa
smaller than those in tho centor of the fluld passages.

2., Tho external ard internal fins waere not placed
in intimate contact with the hsater shell. Only aAn aren
of about onc-half the total cross-sectlonnl aren of the
fins wns welded to the heanter shell b; means of snmall
spot welds. The spot welds which wore in direct contrct
with the base metal were placed co the avor~ge &8t ~nnrox-
inately 3/4-inch intervals along the baso of the fins.,
Mhe area which was not spot-weldod could honve boecr insu-
lated from the base by o smzll gas film or scalc. (seo
appendlx,)

This condition nay cunuse fallure owing te emccssive
local tcmpsratures on the gee sildo wihen used in an actual
aircraft installation.

If tha heater wore cunstructed without fins but oper-
ated so that tho same values »f f, were obtoined as were
found along tho flns, the rnagnitude »f TUA nt W, =
5000 pounds per hour and W, = 4490 pounds per hour would
be 47 Btu/hr °F. The nmeasured UA fcvr the finned hoester
(using UC-1 shroud and central cora) wes 144 Btu/hr F;
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vhereas the predicted value was 263 Btp/hr °F. Hence the
magnitude of © YA was fnoreased ‘97 Btu/hr OF by the addi-
t-Lon -of! the £ins," But an ncrease of about 215 -Btu/hr OF
coult:be. ddtalhed by-a more perfect fusihg of the fins to
tha hbatar’ ihéll.- -", L T M el

'. a-..-,_ . . - BT . < ..

. .Phe . correction to the oqugtibns for avaluating the-
unit thermal: conductance £ ' due to the.variation, of. Fg
near:the inlet to-a pipe.'channol. or space betwaen adJa-
cent’ fins “{ace reference 7) is negligible in the cempufa-
tion.'of the '.£5  for this heater. “on the axhaust gas gide
thes 'ratio’ of- the«hydraulic diametar of .the ‘channel.or ..
.space between :tha dlotted fins' to the length ‘of the qhan-
nel (i.6.5; /L) 1is 0:'023; and. since the gorréction %o
nequatidn'§7) for-thie *DfL effect" is the multipliarpr
1+ 1.1 D/L, thevcorrected £, would be only about 3
percent greater than that computed by mesns of eguation
(7) as written above.

T -

| on ‘the.. ventilating air -side the fins are so ‘Aarrow :
(1/4 in.) that. the boundary layers along these fins are.
probadly laminar, and aquation (9) applies withnut the
correction factor mentioned. . :

)
-

CONCLUSIONS

1. The rate of heat transfar of the Stewart-Warner
slotted-fin heater utilizing threo different air
shrouds was nesarly the same for each (about a 1l0.-percent-
difference betwoen the seml- and the full-croasflpw air
shrouds).

2, The statlc pressure drops through the ailr side of
the heater were greatly affected by use of the three air
shrouds. The semi~crossflow shroud caused twicé the
pressure drop measured along the.similar byt full-
crogsflow shroud. ' The pressure drop wes graater faor the
semi-crossflaw shroud becausd of the Jpressurg.losses ‘in
the angular inlet and outlét ducts and also becguse-the
alr was not completely deflected so that 1t flowed over
the heater at right angles (i.e., between .the -rows of fins)
but was allowoed to flow somewhat diagonally aGross the. .
rows of flns.

.3. The thermal effectivdhbss of tho copper—slotted
fins used oh this -heater was considerably reduced by two
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factors. PFirst, the flulds d4id not flow in the spaces
between the fins but. for the moat part, flowved through
the' open parts of.  the. exhaust ges’'and ventllating air.
passages. Eecondly, the thermal- resistance: to heat‘
transfer was -groatly increased, ‘owing to the limited conh
tact -ared -between. the skotted fins. and - the hegter shell, .
It would be advantageous to usc a smaller number of more
perfectly attached fins and thue obtain equivalent heat
trangfer rates but with comsiderably less pressure drop
as well ‘ag -effect a great saving in the weight .of the:- )
finned “hedter. "Thero:also would ,be loss dangor.of sver-
heating some metal surfaces; such as ths tips of the fines
odn ‘the exhaust gas ‘'side, .for the .rate of hoat transfer
through a-well-attached fin would bs greater and its.tom-
pérature would bo correspondingly lowgr. .. _
4,-An attempt wae'made  to force the exhausé gas to
flow in the space -betwean the fins instead -of througk
the open central passage by installing =a "qentrol goret
in thie slde 0f the heater. Without the use of-thlg cen~
tral core a consicderable verlation of high mangltudes of’
exannust ges wialgnb-rates did not cause an-appreclabdle
change in-the rats of heat transfer, The use of the cea~
tral cord, 'hcwever, forced thée exhaust gas to flow along
the slotted fins and, together with the ingrsase in.
exhaust gas rate per unlt of crose-sectional area, caused
the heat transfer rate to increase. The static pressure
drop, however, was lncreasdd at a greater rate.

Univerelty of Callfornia,
Berkeley, Calif.

" APPENDIX

The following muthod was used to predict the addi-
tional thormal rosistence through the .heater, owing to
the imporfoct .contact betweon the slotted fins and the.
heater ahell

This additional thermal roslatancas consisted of
three parts} .

1. Thermal resistance from base of copper fins on
oxhaust gas side to poiat of spot weld:
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.2. Thermal reasistance through Inconel heater shell
at point of spot weld .

3. Thermal resistance from spot weld to base of
copper fins on ventllating alr side of hoater

By means of a thermal flux plot (reference 8) the
magnitudes of the first and third adbove—-mentioned resist-
ances were estimated to be 0.38 x 107° °p hr/Btu.

The second thermal resistance (through the spot weld
An the Inconeal shell) was evaluated from the expression

9 kg Agpot-weld _ 1

At. . Lg resistance

The total arsa Aapot-weid; which wes spot-welded (aesum—

ing one spot weld of 3/1l6-~in, dlam. per 3/4 in. measured
along the fin base) wad 0.153 square font, the thermal
conductivity k; of Inconel was taken to be 15 Btu/hr £t2

(°r/ft), and the thickness Lg of Inconel shell wes O0.047
inch. Thus . ; -

' L, .047/1 -3 °F h
Raglgtence = 8 =9 047/12 = 1.70 x 10°° F br

Tha sum of'ghe throe thermal reoslistance was then
(1.70 + 0.38) 1077 = 2,08 x 107° ©°F hr/Btu = Ryotql- The

"over-all teermel conductance UA was then obtained from
1N ( 1N
—— -+ —— + B 1

( -ﬂ-jtotal fc-‘-/ea \ fc‘-/eg . tOta_

but 1 \ wae thea reciprocal of the over-
\ £ch/, \ch/

all conductance TUA previoualy computed. which neglected
the additlional resistances through the base of the fins
and the heater shell, As mentioned under Discussion, the
magnitﬁde of TA ht L P BOD0 pounds per hour and 'ﬁ

4490 pounde per hour was 'calculated-to be 262 Btu/hr °F.
Thus,,’ . .

( ( = 2 =i s 3.82 x 10~ OF hr/Btu
cA/ea UA 262
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Thell?e.fpfrq.. b DT ) -_ '
(éh;tbtai =, (3:82:+.2,08) éofa.=:§'?bi§ §°}5 biﬁ;ryﬁtp

or PR L . ‘-.- | - _. . , . i
(UA)tot;I ﬁ f?d Btu}hf oF . '

The magnitude of UA . for.this heéter:ddrivea from
laboratory meaauremants was 144 Btu/hr OF,

At a lowcr air rate YWg = 2000 1b/hr ,the predicted
(UA)4o4a1 Wwos 148 Btu/hr OF by the ‘method above, and the

value derived from-laboratory data was 116 Btu/hr °F.

Although the method 1ndicated reveals that the re-
sistance of tho shell at the spot weld is one of the detar-
rinative resistances, it cennot be used for prediction of
the characteristics of thig heater. This:ls due to the
fact that the essupptions with respect to the dimensions
and the distribution of thd spot welds were obtained ‘by
examination of two or thres rows of fins on the inside
and outside of the heater, Also, 1t was assumed that the
heater shell and flns wer2 in contact only at the spot welds.

These assumptions. cannob be genaralized.and hence tho
metkhod is of limited utility for prediction of the thermal
characteristics of this hecter or others of a asimllar type.
Exact knowledge of the dimensions and tkhe numbor of the
spot welds is necessary for acgeurate prediction, bdbut that
can be obtainad only by destroying the hcater.

Even 1f 1t were possibla to obtaln the nscessary
datrn for prediction of the resietance of .the spot-welded
shell, calculations of the thsrmal output would still be
impeded by a lack of knowledga of the true weight rate
per unit of cross~sectlonal area G of the ventilating
elr or evxhepust gas along the spaces (or channels) between
the rows.of fins.

Tho apthors wizsh to exprass appreciation to the fol-
lowing persons, who helpsd obtain oxperimentel data or
prepare this report: Messre. S. L. Scordelus, D. R.
Ferguson, ¥. B. MclLaughlin, G. T. Rowe, A. G. Guibert,
and H., G. Dennison. :
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Run

No.

22
23
24
25
26

27
28
29
30
I/

32

34
35
36

Ta,
°F

/02
/00

X5y
97

95

97
97
97
97

/10
113

104
/108
/08

Ta,
°F

303
263

239
225

212

228
2468
255
282
322

33
298
272
254.
)

TABLE I.— STEWART - WARNER *1° SLOTTED-FIN TYPE HEATER

AIR

ATa
°F

20/

163
144
128
"7

/32
/57
158
/85

225

223
/185
/68
/146
37

AMES

AIR — SHROUD —

SIDE

Wa

Ibs
hr

2560

3570

4/90
4900
J650

5650
4920
4/80
35/0

2600

2620
3490
4230
4900
5700

APa

Inches
Ha0

4.08
697
98.60

12.6

/3.9

/6.0
/3.1
/0.1
657

449

485

705
/106
/3.2
165

3a
KBt
_hr

125
/138
/146
152
/60

/180
/180
/60
157
14/

/4/
/156
172
173
/89

Ts.
°F

7;:
°F

1915 /325
1437 /325

1420 /3/2
1437 1303

1424 /308

1419 1338
1455 1356

1446 /356

1464 1373
1428 1377

14/5 /368
1433 /381
1411 1343
1407 1343
/410 /343

AT
°F

90
/2
/08
/34
116

&l
99

9/
S/

47
852
68
64
68

AR,
Iriches
H20

We
1bs
hr

4230 3./10

4280 315
4280 3/%
4280 315
4280 310

3965 620

5965 625
5965 625

39/5 630
59/8 640

70/0.
7020
70/0

7020
6350

880
880
865
870
860

EXHAUST — GAS SIDE ——

99

KBty

—

hr

1058
132

27
158

137

"33
163
/48
/48
830

905
100
131

/24
130

b7

3'0,

084
096

087.
104

086

074
090
092
094

059

064
064
076
oze
0.69

CENTRAL 'CORE - NOT IN GAS S$IDE -

OVERALL

N
..

HEATER - TEMPS. . PERFORMANCE
at,, (UA)

ta' [ .'tc
F o o
TEMPERATURES

NOT.. .
MEASURED

o

1170

200

1200
1205

1210

1220
1230
1225
1225
/1195

1170

1200
//90
1195
1200

Btu
tiroF

lo7

s
22
126
132

147
/146
/3/

128
118

120
130
144
145
158

VIOVN




Run

37
38
39

4/

44
45
46
47

( CONTINUED)
TABLE I- STEWART — WARNER *I SLOTTED-FIN TYPE HEATER

AMES  AJR — SHROUD CENTRAL CORE NOT |IN GAS SIDE

AR SIDE EXHAUST— GAS SIDE — 'HEATER TEMPS.

T T A% We R G To T 8% W o8 g, é— ta G te

he
ofF °F op .!hb.: II::OS L(h%t“ °F oF °F }')—tr’"f I:'C:SS '%?‘_t& oF oF °F

104 242 /38 35600 /58 /87 /398 /299 99 73530 930 205 [/0  TEMPERATURES
104 254 /50 4960 132 18/ 1403 /29/ 1/2 7530 935 232 128 MEA"S°ULED
/04 266 /62 410 9.75 16/ [390 /295 95 7530 9350 /97 122
/04 282 178 3460 7.40 149 (394 /308 86 73590 950 179 [20
/05 335 230 2460 4.31 138 /394 13/6 78 7590 970 163 [/8

92 2/ 119 8650 (53 /162 1433 /304 /29 4330 340 /54 095
Q0 228 /38 3350 /6.4 /85 /428 /360 6& 6060 6.70 /4 062
90 223 133 5580 /58 /79 /403 [32/ 8/ 6970 B8O /55 0.87
89 225 /36 5640 157 /185 /420 /338 82 7580 980 17/ 092

OVERALL
PERFORMANCE

aty,, (UA)

,°F

"zs
170
1160
/155
1130

1210
1230
1205
1220

Btu

href

/39

135
39
729

/22

134
150
/48
/52

VOVN

L2




RUI‘I
No.

490
S0D
SID

$20
J30
540

550
S60

S$70

S8ED
390
600
S/0

Ta.
°F

98
S8
98
94

89
88
87

83
83

&8

93
94
Xy
/00

Ta,
°F

252
258
289
320

265
FASYS
327

249
277
322

248
266
285

326

TABLE IL- STEWART — WARNER *|

SLOTTED-FIN

AMES AIR — SHROUD —— CENTRAL CORE IN

AIR SIDE

A 1;. Wa APO. %a
o  lbs  Inches KBty
hr

H20 hr
/54 5800 )54 2/6
/60 4950 30 192
19/ 4220 (02 /95
222 3020 588 /62

/76 4600 595 /96
205 3770 4.70 /87
240 2830 3./4 /64

/66 4600 585 /85
194 3790 457 /78

234 2760 2893 /57

/55 4480 6.27 /68
72 3930 S5.24 /64
/190 3260 4.07 /S50

226 2430 2.75 /33

EXHAUST —
T Ty, ATy
°F °F o

1437 /330 (07
1442 1373 69
1428 1373 S5
/428 138/ 47

1424 /1364 60
/434 /390 43
1424 /1368 56

/424 /334 90
1428 1347 8/
/424 [368 S6

1437 1299 /38
1424 /308 (/6
1415 1299 [//6

1420 /1330 90

GAS

W

1bs
hr

6880
6860
6880
6920

7110
7/20
6670

6760
6090
6090

4520
4490
4500
4380

SIDE——

ARy
Inches
Ha0

/60
/6/
/6.7
/63

/68
/69
/7./

/138
/3.8
38

7.69
764
7.00
726

Bs
KBtu
hr

203
130

104
894

/7
840
/06

153
/36

938

/7/
/43
/44

/09

TYPE HEATER

GAS

s
3@

094
068
053
0.56

0.60
045
065

083
0.76

060

102
087
096
082

SIDE

HEATER TEMPS.
ta, tb te
oF OF oF

TEMPERATURES
NOT
MEASURED

OVERALL

1°r4

PERFORMANCE

Oty (UA)

°F

RIS
1230

1205
1200

1210
/220

1240

1215
/1205
1190

1200
/180
/165
//60

Btu
hrof
178
156

/62
35

/62
/53

132

/52

148
/32

/40
139
/29
/1S

VOVN



Run

99
100

10/
/02

03
104
105
/06

07
/108
109
/10

T,
°F

S0
94
\)4

a9
90
9/
92

98
94
94
94

T,

°F

258
292

323
J63

246
265
J3/6

359

J29
292
258
230

AIR
AT
°F

/68
202

229
27/

157
/95
225
267

23/
/98

/64
/36

TABLE IIL.— STEWART — WARNER

4320

J450
2730
2/70

4320
3430
2690
2150

2/140
2740

3470
4400

uc *i

AIR—SHROUD —— CENTRAL CORE NOT

AP:

Inches
HaO

529
370

252
1,65

3.2/
3.60
244
165

r57
235
354
S/4

e
K Btu
hr

176
/67

148
140

/64
/62
/147
/39

/120
13/

138
45

T,
°F

1426
/434
14410
1405

1403
/1420
1424
1427

1390

140/
1400

Tsa
°F

375
139/

1364
137/

1339
’F74
1380
1394

1329
/328
/296
1295

4T
°F

57
43

46
J4

64
46
44
33

6/
&0
/08
108

Wy

b
hr

6860

6880
6870
6900

5890
9920
39/0
3920

4490
4500
4500
4500

SLOTTED-FIN

LR

Inches
H20

9.76
982

963
872

730
735
73/
735

+/13
415

412
4/3

EXHAUST— GAS SIDE ——

99

K Btu
hr

96/

814
870
645

104
748
715
536

754
99.0
/30
/30

P

035
049
0.59
046

063
046
049
039

063
076

094
090

TYPE

IN GAS SIDE

HEATER TEMPS.

ta
°F

684
744
783
825

750
727
778
825

723

628
576

to
°F

922

1003
1053

884
956
1ot/
1057

1015
960
Qo5
855

HEATER

te
°F

S98
650
684
735

563
624
672
727

650
S04

S45
902

VYOVN

OVERALL
PERFORMANCE

at,, (UA)

o

1220
17218

/1170
/160

1205
1205
1198
175

145
75
1170

1180

B8lw

hreF

/144

137
126
124

/36
134
23
118

/05
/1
e
N
23 ©



Run
No.

820D
83D

84D
850

86D
870
880
890D

9/D
920
930

~—AIR

Ta,

°F

97
97

/00
100

89
96
85
54

94
96
99
10/

Ta,

°F

282
3/3

346
380

37/
333
299
268

255
289
324
364

TABLE IW—~ STEWART —WARNER

SIDE

ATa

°F

185
2/6
246
280

272
237
204
74

/6/
/893
225
263

Wa
b

hr

4250
3450

2740
2/50

2/70

2750
3450
42350

4320
3400

2740
2130

uc *1I

AR

Ta.

Qe

Inches Btu o F

H.0

520
378
26/
1.77

175
264
377
323

5/6
359

245
163

hr

190000 /420
189000 /420

163000 1424
145000 1424

143000 /415
158000 1424
170000 1407
179000 1404

/68000 1415
159000 1424
149000 1424
136000 1424

T,

°F

1373
1377
1390

/1360
/368
/338
/33¢

1299
321

1343
/1351

ATy

°F

47
47
34

55
356
69
73

/16
/03
8/
73

¥ SLOTTED-FIN TYPE

AIR - SHROUD —— CENTRAL CORE

Wy

1b.
hr

6600

6800
6770
6770

5800
3800
5810

S840

4490
4490

4480
4470

<—EXHAUST - GAS SIDE —

. %9
AR %9 %‘
Inches Btu
H2.0 hr
/655 — —

/1666 88000 490
1665 87300 J537
/1682 63400 437

/1340 88000 .6/3
/1346 89500 565
/345 110000 646
13380 7000 655

808 143000 .8352
8.05 127000 .800

797 100000 .670
80/ 89700 .660

HEATER

IN GAS SIDE

HEATER TEMPS.

ta

°F

702

748
796
896

754
772
714
667

622
676

723
780

Lo

°F

858

1007
/046
/085

/064
1028
974
9826

897
855

/006
1085

te

oF

776
775
860
Lo2

757

684
663
622

574
624
672
727

OVERALL

oce

PERFORMANCE

At,,, (UA)

°F

1220

1195
1175
1200

/{40
1180
1175
1180

/180
175

1170
1150

Btuw
b °F

/156
15/
139
12/

125
134
145
152

142
135

127
/18

VOVN



Run
No.

1]
112
13
114

/115
4
nz
118

119
120
12/
122

Ta,
°F

To,
°F

242
27/

298
329

90
9/

69
92

93
93
9z
90

3/9
288
259
226
9/ 221
90 248
93 280
S5 314

AlIR

TABLE ¥~ STEWART ~WARNER

°F

/52
/680
209
237

226
95
167
136

/130
/158

/87
219

SIDE
ATa

uc *2

AIR — SHROUD

Wa AB;

1b  Tnches
hr H:0

4280 3.06
3420 2.14
2670 140
2140 096

2120 (a0

2740 140

3470 215
4590 325

4600 328
3590 2.20

2780 /45
2150 090

Ta.
°F

Tos
°F

ATg
°F

%a
K8tu
hr

S/
36
37
38

/158 /411 1360
/49 1405 /369
135 /409 1372
/123 1402 /364

37
40
53
54

/116 (398 136/
129 1392 1352
/40 1393 /340
/151 1384 /330

145 1416 1344 72
137 /422 /358 64

126 [430 1374 56
/14 1429 138/ 48

CENTRAL

SLOTTED-FIN
CORE

Wy AP,

16 ZInches
hr H20

6920 983
6900 987
6920 975
6900 980

5850 702
5850 702
3850 702
3850 700

4500 43/
4310 437

43500 43/
4390 432

NOT

EXHAUST - GAS SIDE——

9s _3’_

KBtu F
hr

969 a6/
682 046
704 052
720 059

S905 057
632 049
852 0.6/
868 058

871 060
704 058

685 054
3579 05/

TYPE

HEATER TEMPS.

te &
oF aF

688 962
763 /020
790 1063
842 1106

808 074
759 1028
70/ 977
643 920

611 90/
665 970
72/ 1020
778 1078

HEATER
IN GAS SIDE

OVERALL

te
°F

Oty (UA)

Bt
F o hee

663 1220 /29
714 1200 124
763 1195 113
823 1180 104

788
733
672
609

/180 98
1200 (07
1190 118
1200 126

S8/ 1220 119
639 /2/5 /13
70/ 1215 104
766 /200 95

YOVN

PERFORMANCE

W




Run

700
71D
72D
730

740
750
760
770

780
790
800
8/0

Ta,
F

93
92

94
S5

83
9/

95
93

93
95

93

AlIR

Ta,
°F

26/
270

292
334

25/
262
285
323

238
246

27/
304

TABLE ¥I—-STEWART - WARNER

ya
°F

/68
/78
/98
239

/68
17/

/90
230

45
157

/78
208

SIDE

uc %2

We AR;

1bS  Inches
hr H20

4190 3.85
J900 3.50

J250 2.58
2420 [58

4230 3.80
3940 345
3200 245
2450 /60

4330 360
3980 336

3300 246
2520 166

ga
K Btu
hr

170
/68
156

140

172
/63
147
36

152
146

142
/127

Ts.
°F

Tas
°F

1413 1374
1412 1372
1420 1368
/420 /390

1424 1343
1435 1357
1420 /336
1428 1360

/415 1326
412 13/9

1459 (335
/420 /350

2%
°F

39

40 .

J2
30

8/

84+
64
60

89
93

124
70

SLOTTED-FIN

AIR — SHROUD —— CENTRAL

EXHAUST — GAS

Wy
Ibs
hr

6820
6840

6820
68/0

3610
S8/0
5800
3830

4430
4280
4290
43/0

SIDE

Inches

CORE IN

yY:)

s
Bty

HaO hr

17.0
175
174
178

73.1

75.8
975
J6.2

/129

134
/02
962

13/
/3.1
13/
131/

795 /08
7229 //0

733 146
73/ 830

TYPE HEATER

GAS SIDE

HEATER TEMPS,

o4,
q
o

043 765
045 782
062 822
040 89/

075
082
069
0.7/

7/8
736
766
848

690
699
735
7S/

azl
ars
103
065

to
°F

1017
1024
1062
1122

1001
1044
1094

S55
955
978
1122

te
F

724

736
752
852

699
/08
740
822

674
690

729
808

OVERALL
PERFORMANCE

at,,, (UA)

F

1210
1210
1200
1190

1220
1220
1195
/180

1205
1200

1210
/185

Bty

b oF

/140
/39
/30
118

14/
34
123
/15

/126
122

117
/07

(45

YOVN



TABLE VII
STEWART-WARNER SLOTTED-FIN HEATER

Isothermal Pressure Drop Data(“)
Ventilating-Air Side

TABLE VIII
STEWART-WARNER SLOTTED-FIN HEATER

Isothermal Pressure Drop p.t.(b) :\

Exhaust~Gas Side

v, G AP | OPpp | & PTm
1b/hr 1b/ft%hr /062 | w/re2| /el
l. Using Ames Air Shroud
2000 7,380 2,60 6.50 | 9.10
000 11,100 6.40 12. 18.8
000 14,800 10.2 21.3 31.5
5000 18,400 19.8 27.2 | L7.0
2. Using UC-1 Air Shroud
2000 9,860 0.73 L.o2 | L.75
3000 14,800 1.55 8.4 |10.0
Looo 19,700 2,70 .8 }17.5
5000 24,600 L.15 2.6 |26.8
3. Using UC-2 Air Shroud
2000 : 7,380 0.73 2.52 | 3.25
3000 11,100 1.55 5.45 | 7.00
Looo . 14,800 2.70 9.5 [|12.2
5000 - 18,400 L.15 U6 |18.8

2.73
2.63

A

4Ppyp,> APmrm

LA GG

1b/nr 1b/2t2 he 1b/1t2
1. Wwithout Central Core

Looo 19,700 L.60

6000 29,500 9.70

10000 L9,200 25.0
2. with Central Core

Looo 23,200 9.40

6000 31,800 19.9

10000 58,100 51.3

(‘)Pressure drops obtained from plots of AP versus W,

APDUC.I.tPreasure drop in air shroud ducts (entrance and exit sections), 1b/£‘t:2

APHTR = Pressure drop in heater, 1b/1‘t2

- 2
APTiso_ Overall pressure drop = APDUCT APHTR' 1b/1t

(Kise'ﬁ) < 7 ¥ A

*
3600)

(b)Prouuro drops obtained from plots of AP versus 'E

AP, = Overall pressure drop, 1b/8¢2
iso

A DHT = Pressure drop across heatsr only, 11:'/1‘1;2

(_g;’.‘ll%)=23r

APure
()

300

4

VIVN

£Ee



TABLE I1X

Ventilating~Air Side

STEWART-WARNER SLOTTED-FIN HEATER

Ron-Isothermal Pressure Drop Deta

TABLE X

STEWART-WARNER SLOTTED-FIN HEATER

Non-Isothermal Pressure Drop Data
Exhaust-Gas Side

14>

Measured Predioted | Measured Measured Predicted oasursd
Run Wy Ge. isothermal non= ndn- Tl T2 T isothermal | non- non=
No. pressure isothermal| isothermal & Run w G pressure isothermal | isothermal| T, T, T
1b /hr| 1b/hr £t droa(c) pressure pressure OR oR OR No. g 3 5 dros(d) pressure pressure &
A T drop drop 1bs/hr lbs/hrft APyise drop drop on °n op
b /f% AP AP 1bs/ft2 AP OP
1b/ft2 1b /£t2 1bs/ft2 1bs/242
l. Ames Air Shroud T 558°R 1. Without Central Core
iso Tiso 561°R
31 2600 10,700 14.0 18.8 2343 557 | 782 669
Lo | sh6o | 1kL,200 23.5 29.9 37.4 g6l | 7h2 | 653 2 | Leso | 20,500 5.20 17.2 16,3 {1880 | 1772 | 1826
2, | Ligo 17,200 33.5 Lo.7 50.5 555 | 699 | 627 28 | 5970 | 27,500 9.60 3340 32.L4 11915 1816 § 1865
38 | L980 | 20,500 5.5 56.0 75 séh | 7is | 639 35 | 7020 | 33,600 13.0 Lh.6 Ls.1 [1867 | 1803 | 1835
L6 | ss80 | 22,900 56.0 67.9 82.0 550 | 683 | 616 39 ] 7530 | 36,000 4.7 L7 L9.3 |1850 | 1755 ] 1802
2. UC=2 Air Shroud T 552°R
iso 2. With Central Core o
770 | 2Ls0 8,800 .80 7.00 8.30 553 | 783 | 668 Tiso 551 R
76D | 3200 11,600 7.90 11.2 12,7 555 | 7hs 650 )
733 5040 | 14,300 11.8 15.9 17.9 551 | 722 | 636 61D | 380 | 2i,600 11.0 39.3 37.7 1880 | 1790 | 1835
7 230 | 15,300 13.7 18.5 19.7 553 | 711 | 632 60D | L500 | 25,300 11.7 ho.3 29.L {1875 | 1759 | 1817
o 55D | 6160 | 34,600 21.0 75.4 716 Jealk | 179k | 1839
3. UC-1 Air Shroud Tio 551 R Lsp | 6e80 | 38,700 25.1 89.6 83.1 |1897 | 1790 | 183
85D | 2150 | 10,300 oL 8.73 8.90 60 | so | 700
BB.D 27E0 13,100 gég 13 43 13.L 260 806 683 (d)Obtnined from plot of APT. versus Wg.
83D | 3Ls0 | 16,500 13.3 19.7 19.5 557 | 773 | 670 iso
82p | Loso | 20,300 19.7 27.9 27.3 557 | 7L2 | 650
D
()gntained from plot of AP, versus W, . AP ta_ G_\* | (_’___z.’ ..|> (11)
too AP = AMise \Fise -(3600 Loy T
T ta3 6 T
= P & + a ————-(E_—-[
AP = 4, Tiso 3c00) &y LT )y

VIOVN
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KACA

Fig. 1

stand.

Figure 1.~ Photograph of heater test
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AiR

1
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UC %I and Uuc *2

Ames air
wt. — 6.0 |bs

Fig. 2. -

GCentral

shroud

Schematic

Core

air

shrouds

Diagram

and

Ames

Cross-sect. area, £1#

Total wetted
Hydraulic
of

Stewart-Warner

and

ug

Stewart- Warner

Thermocouple
/- locations (6)

t 63

Section - A-A

with centr

-~ 32.5 Ibs ( without

Air s

52 rows of fins (0.045" copper)

(69

Central

(19

o

fins per row)

core

80 rows of fins (0.045" copper)
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Figure 3.- Photograph
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of Stewart-Warner slotted-fin heater.
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Figure 4.- Photograph of Stewart-Warner heater using semi-cross-flow (Ames) air shroud.
(Taken before installation of traversing, shielded thermocouple at exhaust-gas

outlet.)
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NACA Figs. 5,6

Figure 5.~ Photograph of Stewart-Warner heater using UC-1 or
UC-38 air shroud.

Figure 6.- Photograph showing central core installed in
exhaust-gas side of Stewart-Warner heater.
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